t h e language a r e t h a t i t be basic i n design and a b l e t o be extended as deemed
INTRODUCTION
Vector and p a r a l l e l processing machines o f f e r new problems i n t h e area of language design. Besides t h e goal o f designing t h e language which i s best s u i t e d t o t h e user f o r h i s p a r t i c u l a r a p p l i c a t i o n , t h e r e i s t h e added problem of making e f f e c t i v e use o f t h e s p e c i a l i z e d a r c h i t e c t u r e . The r e l a t i v e l y h i g h l e v e l nature o f t h e machine plays an important r o l e i n t h e l e v e l o f t h e languages designed f o r i t .
In general, t h e r e a r e t h r e e approaches t h a t might be examined f o r these machines. may be expanded i n an attempt t o handle t h e new v e c t o r or p a r a l l e l c a p a b i l i t i e s .
Second, a very h i g h l e v e l language r e l a t i v e t o t h e new hardware nay be designed o r adapted. by t h e c h a r a c t e r i s t i c s o f t h e hardware i n what amounts t o a "bottom up'! approach
t o language design. F i r s t , an e x i s t i n g s e q u e n t i a l l y o r i e n t e d language, such as FORTRAN,
The t h i r d choice i s a language which i s i n t e n t i o n a l l y i n f l u e n c e d This paper deals w i t h t h e design and m o t i v a t i o n f o r a p r o g r a m i n g language, p r e s e n t l y c a l l e d SL/1, under development a t NASA's Langley Research Center f o r t h e CDC STAR-100. The design goals f o r t h e language a r e t h a t i t be:
1.
basic i n design. That i s , language f e a t u r e s were included o n l y if they were f e l t t o be absolutely necessary, a b l e t o be extended as deemed necessary t o serve t h e user community,
2.

.
capable o f expressing e f f i c i e n t l y executable algorithms by f o r c i n g t h e user t o make maximum use o f t h e s p e c i a l i z e d hardware design, .
easy t o implement so t h a t t h e language and compiler could be developed w i t h a minimum o f e f f o r t .
4.
For these reasons, t h e l e v e l o f t h e language i s vector a r c h i t e c t u r e dependent and therefore d i r e c t e d a t the l e v e l o f t h e machine; i.e., t h e t h i r d choice.
DESIGN JUSTIFICATION Some j u s t i f i c a t i o n s w i l l be given on why t h i s approach s a t i s f i e d t h e design goals. A t t h e lower l e v e l , a s e q u e n t i a l l y o r i e n t e d language could be extended by i n c o r p o r a t i n g some form o f v e c t o r processing c a p a b i l i t y . This i s t h e approach being taken by CDC i n t h e development o f t h e i r FORTRAN compiler f o r t h e STAR-100. However, these extensions i n e v i t a b l y take on t h e appearance o f patches t o t h e basic language design and valuable support c o n s t r u c t s , such as appropriate data and c o n t r o l s t r u c t u r e s , a r e u s u a l l y missing. T h i s can leave t h e language w i t h an i n c o n s i s t e n t and cumbersome design.
C e r t a i n l y , an implementation o f FORTRAN, perhaps w i t h extensions, i s needed t o allow e x i s t i n g programs t o r u n on t h e new machine. b e n e f i t o f being w e l l known and used by t h e r e l e v a n t programming community.
FORTRAN has t h e However, t h i s f a m i l i a r i t y i s a l s o a drawback since t h e user i s i n t h e h,abit
o f w r i t i n g algorithms i n FmTFtAN which a r e centered around t h e manipulation of s c a l a r q u a n t i t i e s . For a machine l i k e t h e STAR, t h i s i s n o t t h e a p p r o p r i a t e l e v e l o f algorithm expression f o r making best use o f t h e hardware. Recognizing t h e equivalence o f s e q u e n t i a l l y w r i t t e n algorithms t o a s i n g l e machine i n s t r u ct i o n i s impossible i n t h e general case, and i s o f t e n i n e f f i c i e n t i n those special cases that are worth d e t e c t i n g . Thus, the implementation o f a compiler f o r the-language i s a major e f f o r t s i n c e i t r e q u i r e s t h e t r a n s l a t i o n o f a l l o f FORTRAN, t h e new special f e a t u r e s , along w i t h any number o f special r e c o g n i t i o n cases t h a t a r e t o be included.
The choice o f a language which i s much higher than t h e l e v e l o f t h e machine i s t h e o r e t i c a l l y a b e t t e r choice. An e x i s t i n g language l i k e SETL [l] c o u l d be chosen, o r a new language could be designed. t h e very h i g h l e v e l nature o f t h e language would most l i k e l y e l i m i n a t e t h e need f o r extensions.
algorithms t h e o r e t i c a l l y s u i t a b l e f o r e f f i c i e n t execution on t h e machine. R e l a t i v e t o t h e design goals, I t would c e r t a i n l y p e r m i t t h e easy expression o f h i g h l e v e l w r i t t e n i n t h e language would be i n o r d i n a t e l y high, and t h e r e a r e some s t r o n g eve1 because f e e l i n g s i n t h e user comnunity against p r o g r a m i n g a t so h i g h a of t h e l a c k o f user c o n t r o l over run time e f f i c i e n c y .
SL/1 i s designed a t a l e v e l t h a t c a p i t a l i z e s on vector arch corresponds c l o s e l y t o t h e l e v e l o f t h e machine. I n designing a t e c t u r e , and language a t t h e machine l e v e l , care must be given t o s p e c i f y i n g a consistent, easy t o use, r e l i a b l e language which makes use o f t h e power o f t h e hardware w i t h o u t exposing t h e user t o hardware idiosyncrasies. The purpose o f t h i s design e f f o r t i s n o t a h i g h l e v e l assembly language, but a h i g h l e v e l a l g o r i t h m i c language t h a t would p r o v i d e ' t h e user w i t h t h e appropriate s e t o f data and c o n t r o l s t r u c t u r e s f o r expressing algorithms i n a readable and e f f i c i e n t l y executable form.
The language design i s r e l a t i v e l y simple, whicK makes i t easy t o extend.
The basic conservative language design was motivated p a r t i a l l y by t h e design f o r t h e base language SIMPL -T [ 2 ] 
I t i s d i f f i c u l t t o s p e c i f y a c o n s i s t e n t design l e v e l f o r a b i -l e v e l (both
s c a l a r and vector i n s t r u c t i o n s ) machine l i k e the STAR. However, t h e s p e c i f ic a t i o n o f basic data types and data s t r u c t u r e s i n S L / l solve both t h e consist e n t l e v e l problem and the problem o f f o r c i n g t h e user i n t o making maximum use of t h e machine hardware.
vectors ( r e a l vector, s h o r t r e a l vector, i n t e g e r vector,. . . ) , and s t r i n g s (character s t r i n g , b i t string,. . .) are a v a i l a b l e data types i n t h e language.
The o n l y data s t r u c t u r e i n t h e language i s t h e array, and o n l y vector and s t r i n g data types may be s t o r e d i n arrays. Thus, t h e user i s forced t o v e c t o r i z e Scalars ( r e a l , s h o r t r e a l , i n t e g e r , character,. . .), s c a l a r data when i t i s necessary t o s t r u c t u r e i t . t i v e use o f the machine f o r e n t i t i e s such as r e a l arrays since t h e h i g h l e v e l vector machine i n s t r u c t i o n s may be used t o deal w i t h them d i r e c t l y .
This permits t h e most e f f e c -
BASIC DESIGN Data Types and Operators
The STAR hardware i s capable of operating on scalars, vectors, and s t r i n g s .
Scalars include 32-and 6 4 -b i t q u a n t i t i e s ( o s t e n s i b l y f l o a t i n g p o i n t numbers) w i t h arithmetic, l o g i c a l , and r e l a t i o n a l operations. normal and sparse. The i n t e g e r q u a n t i t i e s a r e j u s t f l o a t i n g p o i n t numbers w i t h zero exponents.
Vector data types i n SL/1 a r e defined as f i x e d l e n g t h one-dimensional arrays c o n s i s t i n g o f elements of a specified s c a l a r type. Present vector types i n c l u d e :
(9) Real vector (h) Short r e a l vector ( i ) I n t e g e r vector ( j ) Short i n t e g e r vector ( k ) Logical vector Although the hardware i s a l s o a b l e t o deal w i t h sparse vectors, they a r e n o t included i n t h e f i r s t version o f SL/1. vectors w i l l n o t be considered u n t i l t h e f i r s t language extension.
I n the i n t e r e s t of s i m p l i c i t y , sparse Vectors and strings may be declared w i t h the CONTROLLED a t t r i b u t e i n which case storage can be allocated and freed a t r u n time.
The s e t of operators available i n the language i s considerable. I t essentially includes most of those which the hardware can deal w i t h directly p l u s whatever minimal extensions were necessary t o handle the new data types. A hardware has the useful f a c i l i t y o f permitting a reference to a vector or string t o be offset, so t h a t a given instruction may begin processing a vector or string a t some p o i n t other than i t s beginning.
elements to be processed may be s e t as a length.
SL/1 t o allow subvectors and substrings t o be specified a s a f i r s t element, l a s t element p a i r , or a f i r s t element, length pair. 
Data Structures
The only data structure provided by SL/1 is the array w i t h the restriction
The purpose of this restricthat each element can only be a vector or string. of the first vector and the increment one, a triangular system can be stored.
Since the STAR-100 will be used primarily for scientific
By making both the length
The The e n t i r e vector which i s t h e ith element o f X may be referenced using the n o t a t i o n X ( i ) . ?he jth element o f t h a t p a r t i c u l a r vector may be referenced by w r i t i n g X ( i ) [ j ] . be referenced as Y( i ,j) .
S i m i l a r l y , t h e vector which i s t h e i,j element o f Y may
A t r i a n g u l a r system i s declared s i m i l a r l y , b u t t h e f i r s t two parameters A t h i r d parameter w i t h i n t h e brackets d e f i n e o n l y t h e f i r s t element vector.
i s used t o s p e c i f y t h e l e n g t h d i f f e r e n c e between adjacent element vectors; e.g.,
/* Y i s a t r i a n g u l a r system c o n s i s t i n g o f t e n vectors, t h e f i r s t o f l e n g t h one, and t h e i + l s t vector one element longer than t h e ith. Thus, f o r Y, t h e i t h element v e c t o r i s o f l e n g t h i.*/ I f t h e f i r s t v e c t o r l e n g t h i s greater than one, a negative d i f f e r e n c e may be s p e c i f i e d i n d i c a t i n g decreasing vector lengths.
S t a ternen t s
I n an S L / 1 assignment statement, t h e r i g h t hand s i d e may produce a scalar, s t r i n g , o r v e c t o r value. If a scalar o r s t r i n g i s t h e r e s u l t , assignment takes place i n t h e normal way. However, when t h e r i g h t hand s i d e y e i l d s a vector, t h e semantics o f t h e operator are more complex because of unique f e a t u r e s o f t h e STAR-100 vector hardware.
Many o f the STAR vector i n s t r u c t i o n s a l l o w storage of t h e r e s u l t v e c t o r t o be c o n t r o l l e d by a b i t vector. r e s u l t element is stored if t h e ith b i t i s one; otherwise, i t i s discarded.
The hardware also allows t h e opposite operation; i.e., s t o r e on zero, d i s c a r d on ones.
I f a b i t v e c t o r i s used, then t h e i t h T h i s f e a t u r e o f vector assignment e s s e n t i a l l y makes t h e assignment operator t r i a d i c . l e f t hand s i d e o f t h e assignment operator.
surrounded by parentheses; e.g., I n SL/1, t h e r e s u l t v a r i a b l e and b i t v e c t o r a r e both w r i t t e n on t h e They a r e separated by a coma and (C,Z) := A+B;
I n t h i s example, C i s t h e r e s u l t f i e l d and Z i s t h e b i t vector used t o c o n t r o l t h e s t o r e operations.
Most o f the common y o c c u r r i n g c o n t r o l statements a r e a v a i l a b e i n SL/1.
For example, the WHILE, REPEAT UNTIL, CASE, FOR, and I F statements a r e provided.
Compound statements are bracketed by language keywords wherever p o s s i b l e r a t h e r than BEGIN and END.
(FI, ESAC, etc.) t o d e l i m i t t h e end o f a statement has n o t been f o l l o w e d since t h e authors feel t h a t t h i s can be confusing.
w i t h a s i n g l e l e t t e r s u f f i x added t o i n d i c a t e t h e type o f statement.
The r e c e n t p r a c t i c e o f using a keyword s p e l t backwards
Instead, t h e word END i s used . Element by element subtraction.
E l ement by el emen t mu1 t i pl i cati on.
Element by element division.
El emen t by el emen t exponen t i a t i on.
.DIV.
.MOD.
Element by element modulus.
.CON.
Concatenate two vectors.
Element by element integer division.
.REP.
Repeat a vector.
. DOT.
.Vector dot product. .
. EVL .
Evaluate a polynomial
. AVG .
El ement by El emeht average.
. CMP .
Compress a vector according t o a b i t Vector.
